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ABSTRACT
An Analysis of the Impacts of Climate Change on Food Security in the Albertine Rift of
East Africa
Malcolm Jacob

As one of the most densely populated regions on the continent of Africa, the Albertine Rift
(consisting of parts of Rwanda, Uganda, and the eastern DRC) faces ongoing problems providing
enough food for its people through crop production, livestock husbandry, and other forms of
food production. Even more troubling for the future is that anthropogenic climate change is
expected to significantly exacerbate food insecurity. This paper addresses one central question:
how will climate change impact food security in the Albertine Rift? Based on an analysis of
available data, this paper finds that policymakers should listen closely to local farmers and
indigenous communities, who have a great deal of knowledge about their land, to support their
successful adaptation to climate change. In addition, national policies that promote
diversification of crops and farming techniques, rather than restricting agricultural activities,
would enhance food security in the face of climate change.
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INTRODUCTION
The impact of climate change on food security is important to study because of the
increasingly frequent consequences that are visible in places around the world. These have
included subtle changes in temperature and precipitation, as well as extreme weather events such
as droughts and flooding. This is especially true in East Africa: not only is it a place where shifts
in temperature and precipitation are already being seen, but it is also highly vulnerable to
climatic shocks due to the current state of its food systems. For example, in the case of crops,
much of the agriculture in the Albertine Rift is rainfed, which makes any change in the
predictability of precipitation a serious concern. Second, political and social constraints such as
government restrictions on crops and a lack of available land are expected to contribute to high
competition for fertile land, especially as climate change exacerbates the degradation of soil
quality in some areas.
There are several aspects that can be found within the umbrella of food security in the
Albertine Rift; each of these aspects is affected by climate change differently. The first of these
is the role of water, both for drinking by humans and livestock, and as an input for crops (usually
through rainfall). Water is one of the most universally needed resources on the planet, and its
availability is threatened by climate change through the increasing frequency, intensity, and
duration of droughts (Austin et al., 2020, p. 9). Competition for water resources is likely to
increase as a result, and perennial surface water resources such as wetlands may be tapped by
communities in the absence of precipitation.
Crop production is also highly vulnerable. Each crop has a different level of tolerance to
temperature change and also to weather events such as drought and heavy rain. Climatic trends in
the region, if they continue on their current trajectory, will lead to severe consequences to local
1

crop systems. The Rwenzori Mountains in particular are expected to warm at a rate of 0.5°C per
decade (Nsengiyumva, 2019, p. 2). This rate of change would affect many crop varieties, which
have a range of tolerance and would decrease in yield due to the higher average temperature
(Austin et al., 2020, p. 1). Other potential consequences to crop systems include a decrease in
soil quality and an increased range of tolerance for pests and diseases.
Finally, there are other sources of food that are separate from crop production. One of
these is livestock production, which is a key part in the livelihoods of agro-pastoral communities.
It is threatened by a loss of water, grazing land, and feed for cattle (Dawson et al., 2014, p. 3).
Another is the fisheries, which has already experienced a shift in some areas due to changes in
the depth of bodies of water (Musinguzi et al., 2018, p. 567). The last of these is the bushmeat
trade, which, compared to the others, is a rarely utilized source of food for the average resident;
it is merely included as an example of how climate change can drive people towards less
conventional sources of food and water in the event of shortages (Belfiore et al., 2015, p. 44).
The topic of climate change’s impact on food security in the Albertine Rift is important
because these issues are currently being observed in and around the region. Many of the major
food systems, including crops, livestock, and others, are experiencing changes that have been
linked to anthropogenic climate change. Therefore, it is important that farmers are able to both
understand the changes taking place in the region and build long-term resilience to climate
change.
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BACKGROUND
The area of focus within this paper is the Albertine Rift, a region of East Africa that
contains a wide variety of ecosystems. Stretching from north to south for about 1,300 km, it
extends from northern Uganda all the way to the northernmost part of Zambia (Salerno et al.,
2018, p. 915). It passes through multiple countries, though it does not fully encompass them. Its
geography is incredibly diverse: the Congo Basin is located to its west and the savannawoodlands of East Africa are to its east, and between these geographic features are high
mountain ranges such as the Virunga and the Rwenzori Mountains (Salerno et al., 2018, p. 921).
Nearby are several of the continent’s Great Lakes, including Lake Kivu and Lake Tanganyika.
Soil nutrients tend to be low due to the tropical setting, the exception being volcanic areas that
have highly fertile soil (Salerno et al., 2018, p. 921).

Figure 1. A map of the primary study area, which includes the land in and around the Albertine
Rift of East Africa. Created by Malcolm Jacob in Google Maps.

The Albertine Rift also contains high biodiversity (Belfiore et al., 2015, p. 3). Species
native to the region include African elephants, ungulates such as blue duikers, primates such as
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mountain gorillas and chimpanzees, and a large number of bird species (Salerno et al., 2018, p.
917). The biodiversity and prevalence of endangered species make it a favored location for
governments to establish protected parks, and some of its more well-known species contribute to
tourism. However, conservation efforts can sometimes come into conflict with the needs of the
population, as protected areas are also sought after for agricultural land or natural resources.
Within the Albertine Rift there is a great deal of ethnic diversity, and each group may be
distinguished by its own culture, language, and preferred sources of food. This, however, does
not mean the people can be divided into static groups with rigid classification, as history has
gradually changed the structure of these highly dynamic groups (Wynants et al., 2019, p. 1912).
As this paper will discuss, the region has a high population density, and its total population is
growing rapidly. This makes food security an increasingly important issue. The paper will look
at the countries of Rwanda, Uganda, and the eastern Democratic Republic of the Congo (or
DRC), primarily the parts of these countries that are within or near the Albertine Rift. However,
it is important to remember that the exchange of goods, pests, diseases, invasive species, and
other items with neighboring countries also plays an important role in food security.
Brief history of the Albertine Rift
Although the history of the region is not this paper’s primary focus, it is important to look
at the Albertine Rift through several periods in time, so that the larger shifts in power structure
and land use may be understood. Additionally, is worth remembering that the history of East
Africa can be traced back for millennia, and it did not begin with the arrival of Europeans.
The diverse peoples of East Africa have developed their cultures through countless
generations of people interacting with their environment. Although these people undoubtedly
shaped the land, they were in turn affected by the geography, flora, fauna, and other factors
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around them. Another major influence was the trade networks between African and Arab groups,
which allowed for some groups to grow significantly in influence and power (Wynants et al.,
2019, p. 1912). Many of these “pre-colonial” societies developed sustainable means of farming
the land, such as through intercropping, which allowed them to preserve soil quality (Wynants et
al., 2019, p. 1912). Communal land use was rather common until the late nineteenth century,
when the colonial era began (Wynants et al., 2019, p. 1912).
Dramatic changes in land use came as a consequence of colonization. Prior to and during
the first half of the 20th century, Rwanda, Uganda and the DRC were among the African colonies
controlled by European powers. During this period, land access was an ongoing problem for
native Africans: for example, in the DRC (then known as the Congo Free State), King Leopold II
of Belgium declared that all vacant land belonged to the state, effectively reserving the best land
for Belgians and other European settlers (Tarrasón et al., 2017, p. 125). The number of settlers
grew over time, and along with it, the demand for laborers; in the case of the Belgian Congo, this
was fulfilled by an immigration of 80,000 Rwandans (Tarrasón et al., 2017, p. 125).
Although the countries within this region are no longer under colonial rule, the land
access challenges have continued, as governments attempt to control all aspects of land use. An
historic example of this is the Land Law of 1973, which was enacted by the government of the
DRC. It puts the state solely in charge of land certificates and strips all other transactions of their
legality (Tarrasón et al., 2017, p. 126).
Examples of land restriction can also be found today. In Rwanda, the 2010 Crop
Intensification Program (CIP) determines not only which crops are allowed, but which farming
practices may be used. However, the perceived economic potential of a crop or farming practice
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may conflict with the reality of a situation, and this can make it difficult for farmers to adapt to
change (Clay & Zimmerer, 2020, p. 6).
Today, about 75% of East Africans depend on agriculture or pastoralism in some form
(Wynants et al., 2019, p. 1915). Food security is undoubtedly an important sustainable
development issue, along with the health and safety of the population, and as a result, most
media coverage from outside of Africa seems to focus on poverty and ethnic conflict of the
region. However, these reports fail to recognize the immense cultural diversity and knowledge of
the land that these people possess. In this sense, there is a great deal more that the nations of the
world can learn from the residents of this region.
Food security in the Albertine Rif
The Albertine Rift’s agriculture industry consists largely of smallholder farmers, or
farmers who supply food for themselves and their communities rather than partake in large-scale
production. The region is located at a tropical latitude, and while the soils may often be nutrientdeficient due to heavy rainfall, its wide range in altitudes allows for a number of crops and
livestock to flourish (Salerno et al., 2018, p. 921). Crops grown here by smallholder farmers
include cassava, maize, beans, sweet potato, potato, sorghum, and several varieties of banana
(Austin et al., 2020, p. 2; Recha et al., 2016, p. 1). Common livestock include cattle, pigs, goats,
and chickens (Clay & Zimmerer, 2020, p. 3; Recha et al., 2016, p. 1). Another group within the
sphere of agriculture is the indigenous agro-pastoral communities, who rely on both crops and
livestock, are known to possess immense knowledge of local climate that has been acquired over
many generations (Egeru, 2012, p. 217).
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Figure 2. Farming community in the Ngororero district of Rwanda.

This region has a high population density and growth rate, especially in rural areas
(Salerno et al., 2018, p. 913). This means the demand for food and water is increasing rapidly
within this region. The combination of drivers of migration within the region (e.g., climate
change, conflict, and land access issues) continue to put pressure on areas that are suitable for
farming, such as highlands and areas with nutrient-rich volcanic soils (Austin et al., 2020, p. 9).
Unfortunately, competition for such areas is high. Similarly, suitable grazing land is in high
demand, as there is not enough land to support the herds of cattle in many regions (Shapiro et al.,
2017, p. 3).
Global anthropogenic climate change
The impact that humans have on the earth’s climate is primarily dependent on how much
greenhouse gases are being released. The process of burning fossil fuels adds significant
greenhouse gases such as CO2 to the atmosphere, but other activities such as land use change
also contribute to this release (Brevik, 2013, p. 400). Over time, as the concentration of
greenhouse gases increases, the infrared radiation that leaves the earth after arriving in the form
of solar radiation is more likely to be retained by the planet’s atmosphere. This can lead to
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significant changes in global climate, with everything from prolonged drought to increased
frequency of natural disasters such as flooding. It should be noted that this is an oversimplified
description of the greenhouse effect, and the consequences of anthropogenic climate change will
be drastically different depending on location.

Figure 3. A simplified diagram of the greenhouse effect.

Scientists often rely on Representative Concentration Pathways, or RCPs, to demonstrate
potential outcomes of atmospheric greenhouse gas concentration. These scenarios can be used to
project how much climate change will take place as a result of anthropogenic greenhouse gas
emissions, as well as the consequences that will come from these changes in atmospheric
concentration. For example, RCP4.5 depicts a plateauing of greenhouse gas emissions by the
year 2050, whereas RCP8.5 depicts an exponential increase in emissions (Austin et al., 2020, p.
5). Within the context of this paper, both RCP4.5 and RCP8.5 will be used to estimate likely
impacts on crop yield.
Observed and predicted changes in climatic patterns
For regions that produce their own food, temperature and precipitation play a central role
in food security. The Albertine Rift is one such place. Phenomena that take place on a macro
level, such as the output of fossil fuels on a global scale, then determine what takes place at the
8

local level, such as an increase or change in timing of rainfall. Numerous studies have been done
on this, but a few of the key points in relation to this region are worth noting.

Figure 4. The Rwenzori Mountains, on the border of Uganda and the DRC.

First, it is important to remember that changes in climate are not uniform across space
and time. There will be a great deal of variability even within a relatively small area, as the
Albertine Rift consists of a wide range of habitats with varying topography. The mountains,
forests, bodies of water, and other physical features all influence how climate change will affect
these locations (Hartter et al., 2012, p. 2). For example, while much of the region will experience
a trend of increasing temperature and precipitation, parts of eastern DRC are projected to
experience a slight decrease in temperature over time (Grace et al., 2015, p. 13). Due to this
variability, it is important to quantify a number of factors. For example, in the case of
precipitation, one study analyzed data on total rainfall, the onset, cessation and duration of
rainfall, and the inter-annual and intra-seasonal variability, all as separate values (Hartter et al.,
2012, p. 2). Drought can be measured in a similar manner, accounting for factors such as
duration and intensity.
Previous Intergovernmental Panel on Climate Change (IPCC) reports have used data
from meteorological stations to predict the future of climate change. These reports have given
9

some indication as to the changes that should be expected. For example, in the Rwenzori
Mountains on the Uganda-DRC border, it is expected that average temperatures will increase at a
rate of 0.5°C per decade (Nsengiyumva, 2019, p. 2). However, as mentioned above, these
changes will vary widely across the region; while some places will see increased rainfall and
more seasonal variability, others will see decreased rainfall and more uniform seasons.
Precipitation in general is becoming increasingly unpredictable, which will make it considerably
harder for farmers to adapt (Nsengiyumva, 2019, p. 3).
Another change taking place is the increasing likelihood of extreme weather events.
These include heat waves, droughts, floods, heavy rain, or other weather events. IPCC reports
have suggested that climate change will contribute to more frequent extreme weather in East
Africa, which can reduce crop yield (Austin et al., 2020, p. 1; Radeny et al., 2019, p. 509).
Although no single event can be linked to climate change, the frequency of these events is worth
studying further, as it can be used to better understand the ongoing risks to food security.
Consequences of climate change
One of the negative outcomes of climate change will be changes to the availability of
water. For example, savannah regions, which are already warm and dry, may receive even less
precipitation. Highlands, on the other hand, may receive more precipitation, becoming more
productive in the process (Austin et al., 2020, p. 12). The possibility of water shortages is reason
enough for concern, but this combined with changing average temperatures has the potential to
significantly reduce crop yield (Austin et al., 2020, p. 1). Additionally, increased rainfall could
lead to a number of problems in the soil, including loss of nutrients and increased erosion
(Salerno et al., 2018, p. 915). There is also the risk that pests and diseases will become more
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prevalent; this is currently happening with the desert locust, a species that is thought to have
expanded its range due to a wetter climate (Kimathi et al., 2020, p. 7).

Figure 5. Heavy rain in Kigali, Rwanda.

Food sources other than agricultural crops are also vulnerable. Livestock, for example,
could be negatively impacted when climate change reduces grazing space by taking away the
rainfall relied on by fodder plants (Belfiore et al., 2015, p. 62). In some lakes and rivers there is
currently a decline in certain fish species, some of which are important to food security, such as
Nile tilapia (Musinguzi et al., 2018, p. 567). Finally, the loss of traditional food sources may lead
communities to pursue unsustainable or potentially illegal alternative sources of food, such as the
hunting of wildlife (Belfiore et al., 2015, p. 44).
The projected changes in temperature and precipitation are likely to increase food
insecurity in many areas. This could lead to widespread forced migration which would have a
further toll on the land, and it could drive up the prices of food, which would negatively affect
state-level economies and make it harder for families to afford basic necessities. The resources
available to communities would become strained under these scenarios; because of this, planning
and adaptation on many levels (within national and local governments, communities, and from
outside groups) will be necessary to protect food security.
11

Current responses to the problem (policy and practices)
There are several policy approaches that are currently being used so that countries in the
Albertine Rift can adapt to climate change. One of these is the previously mentioned CIP, which
is implemented in Rwanda. Through this program, land use in Rwanda has shifted from
subsistence farming with diverse crops to a monoculture system; at the same time, farmers make
use of technology such as hybrid seeds and synthetic fertilizers (Clay & Zimmerer, 2020, p. 2).
The outcome of this program is a reduction in crop varieties and an increased reliance on
purchased inputs, which is intended to make the country more climate-resilient and economically
productive (Clay & Zimmerer, 2020, p. 2). Paradoxically, the program can also have negative
consequences on crop yield, as the limited crop selection may mean farmers are more vulnerable
to climatic shock (Clay & Zimmerer, 2020, p. 7). Being a geographically small country, it is
relatively easy for the government of Rwanda to enact such a policy; this would not be the case
in a much larger country.

Figure 6. Maize production in Nyagatare, Rwanda.

On the farm level, several agricultural practices have been adopted in East Africa as a
means of building resilience against climate change. One of these is the use of fodder crops,
which has been implemented in the Kagera Basin region of Uganda, as well as other parts of East
12

Africa (Dawson et al., 2014, p. 13). Agroforestry, another practice, is a farming system that
involves the cultivation of trees alongside conventional agriculture. It is useful to sustainability
in many ways, such as by sequestering carbon out of the atmosphere, and it also benefits farmers
by adding nutrients to the soil and providing fodder for livestock Africa (Dawson et al., 2014, p.
13).
Overall, utilizing indigenous knowledge (such as meteorological, biological, and
astrological signs) and trusting the experience of smallholder farmers seems to have a positive
impact on food security when used in tandem with government intervention (Radeny et al., 2019,
p. 509). More research is needed within this aspect of food security, as the impact varies widely
between countries and regions.
Stakeholder analysis
There are several stakeholder groups that are involved in food security in the Albertine
Rift (see Table 1). The first of these are the smallholder farmers that grow food for either
consumption or selling. By extension, the communities in which these people live and work are
equally as vulnerable to changes in climate, as they rely on the farmers to produce a number of
crops. Another key stakeholder group is the national governments in the region, which show
varying degrees of involvement in the agricultural process. There are others that are heavily
affected by climate change, including indigenous pastoral and agro-pastoral communities, as
well as refugees that have been displaced by conflict or a lack of food security. Finally, there are
a number of outside actors that have an interest in the problem. These include nonprofits and
other NGOs (such as ARCOS, CGIAR or One Acre Fund), scientists, researchers, and
agricultural experts.
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Table 1. A list of stakeholder groups and their respective interest and influence around climate
change adaptation and policymaking.
Stakeholder group
Interest in issue
Influence in issue
Smallholder farmers
High interest
Medium influence
Communities served by farmers

High interest

Low influence

National and local government

Medium interest

High influence

Outside organizations

Medium interest

Medium influence

Indigenous pastoral and agropastoral communities
Refugee populations

High interest

Low influence

High interest

Low influence

While the interest and influence of each stakeholder will not be analyzed in-depth for the
purposes of this paper, some of their involvement will be covered in the Results and Discussion
sections. It is worth noting that certain groups within these countries have considerably less
influence over policy than others. For example, indigenous communities have little voice in the
laws surrounding climate resilience, though they are one of the most vulnerable groups of
stakeholders in the face of climatic shocks. Ultimately, the voices involved in decision-making
are largely dependent on who the national government chooses to listen to, which is why a
stakeholder’s level of influence will not always be the same.

METHODS
Collection of sources
My research investigated the following question: what changes in food security will take
place as a result of climate change? Sources were gathered from several research repositories,
including Clark Libraries, JStor, and ResearchGate. Searching within these repositories, I sought
articles that covered both climate change and food security within my geographic area. The
14

primary countries of study were Rwanda, Uganda, and the eastern DRC, with occasional
information from neighboring countries (such as Burundi, Kenya, and South Sudan). Although
there are plenty of sources available on climate change in the Albertine Rift, some of the sources
did not use this location as the primary study area; instead, they also covered climate change in
other parts of Africa. These articles were more useful for the Background section of my paper,
whereas those that collected data on a specific location were reserved for the Results and
Discussion sections.
Interpretation of data
In order to answer the research question, I first compiled the available information and
separated it based on type of food or industry. This information is presented in the Results
section of the paper. The available data came in the form of both quantitative datasets (for
example, predictions based on the RCP4.5 and RCP8.5 scenarios and how each scenario will
affect local crops) and qualitative datasets (for example, recorded observations from residents on
changes in the timing of weather or shifting fish populations).
Although the role of national-level policy is an important part of understanding food
security, understanding policy implications is not the central purpose of this paper. Therefore, a
few policy approaches will be reviewed in the Discussion section; however, information on
policy was supplementary to the impacts of climate change on food security, and any policies
mentioned were reviewed in sources that were primarily dedicated to the impacts of climate
change.

RESULTS
The Results section of this paper will list the observed and predicted impacts of climate
change on food security in the Albertine Rift. It separates the data and observations into seven
15

categories (based on the aspects of food security from the research process): the impacts of
climate change on water supply, crop yield, soil quality, pest and disease prevalence in crops,
livestock, fisheries, and bushmeat.
Impact of climate change on water supply
Water availability is one of the most important factors in food security, as it is a
necessary input for crops and livestock. Climate change is expected to cause an increase
precipitation in some areas and a decrease in others. For communities that depend on rain for
agriculture, both of these outcomes are cause for concern. Just as drought and water shortage will
harm the output of crops, it will also reduce the availability of clean drinking water in many
areas; conversely, heavy rainfall could lead to flooding, mudslides, and other natural disasters.
With the population rising at its current rate, there is an increased demand for both drinking
water and food (which itself requires inputs of water). This is why in some locations, natural
water sources such as swamps are being drained, which could affect the ecosystem as a whole
(Belfiore et al., 2015, p. 65).

Figure 7. People collecting water from a tank in Sovu, Rwanda.
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Multiple studies show that rainfall is becoming increasingly unpredictable, both in terms
of total amount and seasonal patterns. One such study (Hartter et al., 2012) was conducted in the
areas surrounding Kibale National Park in western Uganda. It provides data on specific climatic
changes in the region, as well as crop vulnerability and local perceptions of the threat. Within
this study it was observed that the duration of the short rains (early March to mid-to-late May)
has increased significantly between 1981 and 2010, by about 27 days (p. 5). This is due to the
trend of an earlier onset and a later cessation of the season. Such a change is found not only in
rainfall measurements, but in observational data. A 2009 survey found that 96% of interviewed
farmers observed changes in the amount and timing of rainfall (out of 100 interviewees) (Hartter
et al., 2012, p. 7). This shows the potential consequences of climate change are already being felt
in the area. Also, as mentioned previously, changes will vary between locations. For example,
62% of respondents on the east side of Kibale National Park have observed a reduction in rainfall
(out of 45 interviewees), as opposed to 27% of respondents on the west side (out of 55
interviewees) (Hartter et al., 2012, p. 9). This contrasts with the overall increase in rainfall in the
region, and it reveals the regional variability that is possible through climate change.
Drought, which is defined as the prolonged absence of rainfall, is a natural phenomenon
that can be exacerbated by climate change. The Albertine Rift has experienced periodic droughts
over the past several decades, during which times there have been consequences such as a loss of
livestock, low production of milk, and increased food prices (Uganda SPCR, 2017, p. 32). These
are likely to reoccur as droughts become more frequent. Additionally, bodies of water such as
Lake Wamala are seeing a decrease in water levels and total surface area, which will change the
availability of fish species central to local diets such as Nile tilapia (Musinguzi et al., 2018, p.
567). It should be noted that the negative effects of drought will not be distributed evenly;

17

smallholder farmers in rural areas will be among the most impacted, as they may not have access
to irrigation infrastructure and rely heavily on predictable rainfall (Uganda SPCR, 2017, p. 25).
A second risk related to water is flooding, which can take place in the event of excess
rainfall. Kampala, Uganda’s capital city, is one location that is particularly vulnerable to
flooding, as much of its poorer population lives over drained wetlands. Floods lead to a number
of problems there, but those most directly related to food security include contamination of
drinking water and outbreaks of water-borne diseases (Uganda SPCR, 2017, p. 30). Excess
rainfall can also degrade soil and wash away crops. In the semi-arid parts of East Africa,
vegetation is essential to holding the soil together and preventing erosion during the heavy
precipitation of the rainy season. However, when shifts in seasonal variability contribute to the
delayed growth of plants, the integrity of soil during the onset of the rainy season could be
undermined (Wynants et al., 2019, p. 1910). Climate change has the potential to increase the
frequency of these natural disasters by shifting the timing and intensity of rainfall.
Impact of climate change on crop yield
Now that the importance of water has been introduced, this paper will discuss the direct
results of climate change on various crop; or, in other words, the expected change in yield or
monetary value in accordance with these crops’ tolerance of changes in temperature and
precipitation. The factors of temperature and precipitation on a regional scale, determined by
global climate, play a role in more specific factors such as soil moisture and the length of a
growing season. The paper will use two main studies, the first taking place in southwestern
Rwanda (Clay & Zimmerer, 2020) and the second being an RCP modeling study encompassing
the entire country of Rwanda, as well as general information on the crops’ favored climatic
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conditions and tolerance to change (Austin et al., 2020). It will not discuss all crops grown in the
region, but rather, those that are covered in each of the studies listed above.
Table 2. A comparison of percent change in value (Rwandan francs) and proportion of fields
impacted under drought and heavy rain among crops. Derived from Clay & Zimmerer, 2020,
Table 5, p. 8.
Crop
Percent change Proportion of
Percent change Proportion of
in value due to
fields impacted in value due to
fields impacted
drought or dry by drought or
heavy rain
by heavy rain
spell
dry spell
Potato
-45%
16%
-23%
18%
Maize

-48%

15%

-50%

4%

Bean

-34%

11%

-34%

16%

Sweet potato

-43%

8%

-56%

1%

Cassava

11%

3%

7%

2%

Sorghum

-77%

3%

-75%

3%

Banana

76%

9%

-68%

1%

Table 3. A comparison of percent change in yield under RCP4.5 and RCP8.5 among crops.
Derived from Austin et al., 2020, Figure A2, p. 10.
Crop
Predicted changes in crop
Predicted changes in crop
yield by 2050 (RCP4.5)
yield by 2050 (RCP8.5)
Potato
-10.5%
-16.5%
Maize

-11.1%

-16.3%

Bush bean

-9.6%

-12.9%

Climbing bean

-2.4%

-6.2%

Soybean

-17.2%

-21.3%

Sweet potato

-0.6%

-3.6%

Cassava

-1.4%

-6.3%

Sorghum

-4.4%

-7.3%

Dessert banana

6.5%

4.0%

Cooking banana

8.5%

7.8%

Beer banana

0.6%

-0.8%
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The potato (Solanum tuberosum), the first to be discussed, is repeatedly shown to be one
of the most vulnerable crops in the Albertine Rift. It is one of the most widely grown crops in
Rwanda, though its tolerance for change in climate is low compared to that of other crops
(Adhikari et al., 2015, p. 121). On the one hand, when its ideal temperature of 17°C is surpassed,
plant development is affected; on the other hand, excess moisture in the soil can lead to a
reduction in the number and size of potatoes that are grown (Adhikari et al., 2015, p. 121).
During one study, the potato demonstrated a high loss of yield in the face of both drought and
heavy rain; its total loss in yield due to extreme weather of any kind was the highest of any of the
crops studied (Clay & Zimmerer, 2020, p. 7). The potato’s low tolerance for change, combined
with the high number of smallholder farmers that rely on it, is likely to make food security an
ongoing challenge in the face of climate change.
Another crop with low resilience to climate change is maize (Zea mays), the most widely
cultivated crop in sub-Saharan Africa and a key source of protein (Adhikari et al., 2015, p. 115).
It has been found that the ideal growing temperature for the maize plant is 25°C, and if the
average daily temperature exceeds the threshold of 30°C for too long, the plant is likely to suffer
(Adhikari et al., 2015, p. 116). In addition, rainfall is necessary in the early stages of the plant’s
life cycle in order for it to grow properly (Clay & Zimmerer, 2020, p. 6). According to most
studies, maize is expected to suffer under the majority of future climate scenarios. One study
projects that maize will see a decline in yield under both RCP4.5 and RCP8.5 (Austin et al.,
2020, p. 7). It is also believed that this crop will be noticeably less resilient than other types of
crops (Clay & Zimmerer, 2020, p. 8). Maize is one of the crops that is highly encouraged under
Rwanda’s CIP. However, its long maturation period and lack of adaptability to changes in its
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environment make it vulnerable to widespread loss of yield, which could have serious
ramifications surrounding food security and economic potential (Clay & Zimmerer, 2020, p. 6).
Beans (Phaseolus vulgaris), which are an important source of protein and other nutrients,
are another vulnerable crop (Adhikari et al., 2015, p. 119). According to the 2020 RCP study,
bush beans are among the few crops that will suffer under both RCP4.5 and RCP8.5 (Austin et
al., 2020, p. 7). In a separate study, it was found that beans are susceptible to a late onset of rain
that is followed by heavy rains, though the same data shows they are also affected by periods of
drought (Clay & Zimmerer, 2020, p. 7).
One more vulnerable crop worth mentioning is soybean (Glycine max). It typically has a
temperature threshold of 30°C; as with maize, too many days above this average temperature can
have negative consequences on yield (Adhikari et al., 2015, p. 120). Soybean plants are sensitive
to heavy rainfall, meaning the crop is at a disadvantage whether climate change contributes to
drought or increased precipitation (Austin et al., 2020, p. 6). Based on current modeling, soybean
is expected to suffer under both RCP4.5 and RCP8.5, possibly even more than the previously
mentioned crops (Austin et al., 2020, p. 10).

Figure 8. Sweet potato variety selection in the Hoima district of Uganda.
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Sweet potato is among the crops that are more resilient to climate change. It is a hardy
tropical plant that can grow at a variety of temperatures and altitudes, and it is a good source of
carbohydrates and vitamin A (Adhikari et al., 2015, p. 121). The 2020 RCP study found that
sweet potato will be less impacted by climate change than other crops, as its modeled loss in
yield is comparably less for both RCP4.5 and RCP8.5 (Austin et al., 2020, p. 10). Similarly, a
different study found low loss of yield in the event of both drought and heavy rain (Clay &
Zimmerer, 2020, p. 7). Despite its general hardiness, the sweet potato is among the crops that are
prohibited under Rwanda’s CIP (Clay & Zimmerer, 2020, p. 7).
Cassava, like sweet potato, is more resilient to climate change than other crops. In
addition to its tolerance of temperature change, it also does well in scenarios of increased
atmospheric CO2 concentration (Adhikari et al., 2015, p. 120 Despite this, there are moments in
its life cycle when it is vulnerable to drought, such as when its roots are thickening (Adhikari et
al., 2015, p. 122). One study found that cassava actually increased in value under periods of
drought and heavy rainfall, unlike most of the other crops studied (Clay & Zimmerer, 2020, p.
8). Also, its loss of yield under RCP8.5 is modeled to be more than that of sweet potato, but less
than that of other crops (Austin et al., 2020, p. 10). Cassava is currently prohibited under CIP
(Clay & Zimmerer, 2020, p. 7).
Sorghum is another crop that shows resilience to climate change. This cereal is an
important source of food in the Albertine Rift, and is known for its tolerance of drought
conditions (Adhikari et al., 2015, p. 118). One study found that compared to other crops,
sorghum demonstrated low loss of yield due to both drought and heavy rain (Clay & Zimmerer,
2020, p. 7). This means it is likely to be a key part of the region’s defense against any climatic
shocks that take place. Despite its resilience, sorghum is not seen as commercially viable by the

22

Rwandan government, and so its cultivation is currently prohibited under CIP (Clay &
Zimmerer, 2020, p. 4).

Figure 9. Banana crops at a market in southwestern Uganda.

One more crop worth discussing is the banana, which is one of the most widely
consumed crops in East Africa. This is especially in Rwanda and Uganda, where annual per
capita consumption is more than 135 kg (Adhikari et al., 2015, p. 122). In these two countries the
banana plant is grown extensively, due to the favorable climate (Adhikari et al., 2015, p. 122.
The plant generally requires warm temperatures, but it cannot survive under drought conditions.
It is also said to be resilient to excess rainfall (Adhikari et al., 2015, p. 122). However, there is a
threshold for this tolerance, as periods of heavy rain are shown to have negative impacts on crop
value (Clay & Zimmerer, 2020, p. 8). Under RCP4.5, three varieties of banana grown in Rwanda
(dessert banana, cooking banana, and beer banana) are expected to increase in yield; under
RCP8.5, two of these are expected to increase (Austin et al., 2020, p. 6). Aside from the plant’s
tolerance of changing climate, higher temperatures would also increase demand for water in
many regions. This could reduce the amount of banana cultivation taking place (Adhikari et al.,
2015, p. 122).
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Impact of climate change on soil quality
Another issue facing crop production is the risks facing soil. Access to healthy soil is
especially important in tropical regions such as East Africa, where nutrients are not always
readily available. In recent years it has been shown that anthropogenic activities and climate
change threaten the health of soils in this region, and over time they lead to large areas being
unusable to farmers.
One aspect of soil health related to climate change is the soil’s nutrient quality. Nutrients
are vital to the growth of both wild plants and agricultural crops, and the quantities of these
macronutrients (such as nitrogen, phosphorus, and potassium) and micronutrients (such as
manganese and iron) within the soil can be measured and monitored over time. In the tropical
forests of the Albertine Rift, where rainfall is high, soils tend to have low nutrients; however,
there are also some volcanic areas that are nutrient-rich (Salerno et al., 2018, p. 921). Due to this
generally low nutrient content, farmers must continually seek new locations to grow their crops
after the soil has been depleted. If climate chance contributes to increased precipitation, the soils
of the Albertine Rift will be drained of nutrients even further, which would make it more
challenging for farmers to produce healthy crops (Brevik, 2013, p. 406). There is also potential
for a positive feedback loop, in which higher average temperatures reduce carbon allocation to
the soil, which then reduces soil organic carbon and further contributes to the overall warming
trend (Brevik, 2013, p. 404).
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Figure 10. A community involved in terracing in northern Rwanda to prevent erosion.

A second concern surrounding soil is its stability. Not only do certain human activities
(such as tilling the soil) deplete the soil of its nutrients, but they also increase erosion, which can
contribute to natural disasters such as landslides. This is a serious threat to the safety of humans
and livestock, as well as to the reliability of food production. Anthropogenic climate change
could hasten the process of erosion by killing the plants that hold soil together, depleting soil
organic matter, or increasing flooding due to higher intensity rainfall (Brevik, 2013, p. 404). This
rapid erosion could affect food security in a number of ways, such as by depleting fertile soils
that are suitable for farming, or by destroying crop beds and injuring humans and livestock
(Austin et al., 2020, p. 9).
A decrease in soil stability has been visible across the Albertine Rift in recent years. In
the Hoima district of western Uganda, it is estimated that soil erosion affects 20% of the total
landscape (Recha et al., 2016, p. 1). Similarly, in southern Uganda, many smallholder farmers
tend to farm along steep slopes, a practice that regularly contributes to landslides (Salerno et al.,
2018, p. 915). These natural disasters can even contribute to loss of life. In May of 2010 there
were deadly mudslides in the Mt. Karisimbi area (on the Rwanda-DRC border) after heavy rains.
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The flows destroyed 232 houses, ruined fields of crops, and killed livestock. Nineteen people
were reported dead and 27 were missing (Belfiore et al., 2015, p. 36). Extreme weather such as
this is becoming more common in many areas, and while climate change is not the sole cause, it
is shown to exacerbate problems that are caused by poor land management. At the same time
there are many other factors that must be considered, including poverty, population growth,
governance, and land rights and access (Wynants et al., 2019, p. 1915). In most cases, erosion is
due to a combination of factors.
Climate refugees, another consequence of climate change, are will also impact soil
health. The 2020 RCP study conducted in Rwanda projects that with the estimated nationwide
decrease in crop yield due to higher temperatures, the highlands will draw in farmers from other
regions, which will put serious strain on the soil. It could ultimately lead to soil erosion and even
landslides (Austin et al., 2020, p. 9). In this sense, an influx of climate refugees can seriously
harm the landscape, which is problematic because soil in the highlands will be needed to produce
food for the region’s population.
Impact of climate change on pest and disease prevalence
One more important consequence of climate change on crop production is the prevalence
of pests and disease that affect crop health. Pests in particular are a significant threat resulting
from climate change because of the possibility of their habitable range expanding with time.
Common pests in crops of the Albertine Rift include numerous species of weevils, aphids,
moths, and nematodes, each named after the crop they consume. For example, the potato tuber
moth infests the tubers of potato crops, while the African sweetpotato weevil targets the roots of
sweet potato crops (Okonya et al., 2019, p. 3).
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Figure 11. Schistocerca gregaria, or desert locusts, gathering in a swarm in Sudan.

A relevant example of the expansion of pests can be found by looking at the desert locust
(Schistocerca gregaria). This is a species that eats any green vegetation it can find, including
crops such as maize and sorghum (Kimathi et al., 2020, p. 1). The total population of this insect
is dependent on a number of factors, including temperature, rainfall, and soil moisture. It has
been shown that rainfall can lead to increased breeding and the hatching of dormant locust eggs;
for example, a recent increase in rainfall of more than 400% above average in the Horn of Africa
has been connected to spikes in locust breeding (Kimathi et al., 2020, p. 1). This is consistent
with the knowledge within some indigenous communities in East Africa, which maintains that
the arrival of locusts coincides with long rains (Radeny et al., 2019, p. 519).
Between 2019 and 2020, locust swarms were a recurring problem for the farmers of
many African countries. Modeling indicates that within Uganda, the most suitable breeding
habitat for desert locusts is found in the northeastern part of the country (Kimathi et al., 2020, p.
4). The districts within this region (namely Kaabong, Kotido, and Moroto) have low vegetation
density, which researchers believe corresponds with a higher breeding suitability (Kimathi et al.,
2020, p. 4). Meanwhile, the overall suitability range of the desert locust is expanding under
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climate change (Kimathi et al., 2020, p. 7). It should be noted that each pest species has its own
favored range of temperature and precipitation; therefore, consequences of climate change (such
as an increase in average precipitation) will not affect all species in the same way that they affect
the desert locust.
A related concern is the increasing threat of diseases that threaten fields of crops. As with
pests, each disease will behave differently under changing climatic conditions: some may thrive
under warmer temperatures, while others are facilitated by the amount precipitation that an area
receives. Even if climate change does not contribute directly to the spread of a disease, the
combined effects of drought and disease could exacerbate food security in many areas.
An example of diseases prevalent in crops of the Albertine Rift is banana Xanthomonas
wilt, or BXW. It is by far the most common banana disease in the region; one study found that of
191 Rwandan households interviewed, 59% believed BXW to be the most pressing concern of
all banana diseases, while 73% of 267 households in Burundi believed the same (Okonya et al.,
2019, p. 11). The areas most frequently affected by this disease are those that have a high level
of banana production and whose communities rely significantly on banana crops for caloric
intake, such as the Mukono district of central Uganda (Abele et al., 2007, p. 25). At the moment,
little is known about exactly what sort of impact anthropogenic climate change will have on this
particular disease.
Two more examples of common diseases are cassava mosaic disease, or CMD, and
cassava brown streak disease, or CBSD. These two diseases are widespread in East Africa,
especially CMD (Abele et al., 2007, p. 22). Although there are known solutions to controlling the
spread, such as by using healthy planting material, their occurrence is still persistent (Okonya et
al., 2019, p. 14). One study found that 72% of 134 Rwandan households believed CMD to be the
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most prevalent of crop diseases, while 88% of 319 households in Burundi believed the same
(Okonya et al., 2019, p. 11). As with BXW, more information is needed before drawing links
between climate change and an increase in these diseases’ prevalence.
The increasing prevalence of pests and diseases under climate change is likely to
contribute to additional consequences for smallholder farmers. Changes in pests and diseases
could drive farmers to invest more of their earnings in pesticides. It is also possible that strict
policy surrounding agriculture, such as Rwanda’s CIP, would be problematic during times of
widespread disease, as farmers would lack the flexibility to adapt by planting another crop when
a certain crop is no longer viable.
Impact of climate change on livestock
Along with crop production, livestock is one of the major sources of food in East Africa,
especially when it comes to obtaining protein. The cattle, pigs, goats and chickens that are
commonly raised in the Albertine Rift each require their own inputs of water and nutrients. This
is one way in which climate change threatens the livestock industry: under certain scenarios,
these resources may become scarce.

Figure 12. Cattle in Kiboga, Uganda.
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Within the Albertine Rift, it is projected that climate change will reduce the amount of
suitable grazing land, which will harm the overall population of livestock (Belfiore et al., 2015,
p. 62). This will be an ongoing concern, as available grazing land is already limited (Shapiro et
al., 2017, p. 3). Additionally, with reduced rainfall and less predictable weather due to climate
change, the quantity of feed will decrease, making it harder for farmers to acquire adequate
nutrition for their livestock (Dawson et al., 2014, p. 6). Consequences of a loss of feed (which
have been observed in the past) include higher competition for resources, increased conflict, and
higher prices (Dawson et al., 2014, p. 4). The direct influence of climate on the wellbeing of
livestock is another concern. Drought and flooding are potential threats to livestock, and both of
these are likely to increase in frequency due to climate change; however, extreme weather events
are not necessary for negative consequences to take place. For example, higher temperatures
require more thermoregulation costs, and when livestock are forced to put more of their energy
towards regulating their body temperatures, their reproductive performance decreases (Dawson
et al., 2014, p. 6). In addition, as mentioned previously, nutritional deficiency due to a decrease
in quantity of feed is also a problem; at the same time, a lack of drinking water could seriously
harm livestock populations (Dawson et al., 2014, p. 3). Indigenous agro-pastoral communities
have some advantages in the face of climate change, including their mobility and their in-depth
knowledge of the region’s weather and geography; however, due to their traditional reliance on
large herds of cattle, they may be vulnerable to the increased competition for grazing and water
that results from climate change (Wynants et al., 2019, p. 1917; Ochieng & Waiswa, 2019, p.
248).
Livestock are also more susceptible to contracting diseases due to climate change. One
source of disease that is heavily influenced by climate are insects that can spread vector-borne
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diseases. An example of this problem occurring in livestock is East Coast fever (or ECF), a tickborne disease. Transmitted by the brown ear tick, it already has a high mortality and morbidity
rate among cattle throughout much of Africa (Grace et al., 2015, p. 12). According to one study,
the eastern DRC is among the regions that may see an increase in ECF, as climate change is
expected to contribute to decreasing temperatures and increasing precipitation there (Grace et al.,
2015, p. 13). This will spread the disease’s range, as the brown ear tick is most suited to areas
with high precipitation and moderate temperature. Although there is a vaccination available for
ECF, the spread of the disease under climate change increases the urgency of providing access to
this vaccine and other resources.
A second disease of concern is Rift Valley fever (RVF), a mosquito-borne disease that is
transmissible to both humans and a wide array of domestic animals. Its consequences include
mortality in young livestock and birth defects in pregnant livestock (Grace et al., 2015, p. 13). It
can be incredibly costly for farmers and governments: the RVF epidemic that affected Kenya in
2006-07 led to more than USD 32 million in losses (Grace et al., 2015, p. 13). While rainfall
generally facilitates the spread of RVF by increasing the productivity of mosquitoes, increased
rainfall is said to decrease the vector population densities by flushing the vector’s breeding sites
(Grace et al., 2015, p. 15). As a result, climate change will increase the range of RVF into new
locations (primarily cool, mountainous regions such as Rwanda), but it will also decrease the
range in locations that receive either insufficient or excess rainfall (Grace et al., 2015, p. 15).
Between the loss of feed and water, the increased stress due to higher temperatures, and
the spread of diseases, there is plenty of evidence that suggests livestock in the Albertine Rift
will be negatively affected by anthropogenic climate change. Some communities that produce
livestock will be able to cope with the changes, while others will not be as capable of adapting.
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Impact of climate change on commercial fishing
The fishing industry is another source of food that is vulnerable to climate change. Fish
commonly caught in the Albertine Rift include Nile tilapia (Oreochromis niloticus), African
catfish (Clarias gariepinus), mudfish (Clarias gariepinus), lungfish (Protopterus aethiopicus),
and various haplochromines (Egeru, 2012, p. 221; Musinguzi et al., 2018, p. 567). Having been
introduced into the region by humans for the purposes of fish production, Nile tilapia are not
considered native to this environment; however, since their introduction, they have become an
important food source for communities situated along the lakes which they inhabit (Musinguzi et
al., 2018, p. 567).

Figure 13. Fishermen with their nets in Kampala, Uganda.

Studies have found that Lake Wamala in Uganda has seen significant change in fish
populations in recent years. Lower water levels and reduced surface area are thought to be major
contributors to a change in fish population, which in turn affects the percent of catch. While the
Nile tilapia made up 90% of total catch from the lake in 1999, it made up less than 1% in 2013
(Musinguzi et al., 2018, p. 567). Conversely, the African catfish increased from 20% of total
catch in the 1990s to 85% in 2013 (Musinguzi et al., 2018, p. 567). Total annual catch is down
from a peak of 7,100 tons in 1967 (following the introduction of Nile tilapia) to 1,200 tons in
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2013, with record lows occurring around the year 1982 (Musinguzi et al., 2018, p. 567).
However, this data does not give a clear picture of changes in total annual catch, due to the gaps
between years. In addition, decreases in catch could be attributed to overharvesting rather than
climate change.
Table 4. A list of total annual fish catch (tons) in Lake Wamala by year. Derived from Musinguzi
et al., 2018, p. 567.
Year Total annual fish catch (tons)
1960

1,000

1967

7,100

1982

500

2000

4,500

2013

1,200

Table 5. A list of target species found in Lake Wamala and the contributions of each species
towards total catch for men and women. Derived from Musinguzi et al., 2018, Table 1, p. 569.
Target species
Men
Women
Nile tilapia
46.7%
83.3%
African catfish and lungfish

52.2%

16.7%

Haplochromines

1%

-

In other parts of Uganda, changes in weather patterns are impacting the health of the
populations of other fish. For example, species such as lungfish are smaller in size than in
previous years, due in part to the rapid recession of floodwaters that leaves the young fish
exposed (Egeru, 2012, p. 122). This makes it more difficult for the lungfish to grow to maturity.
To adapt to this rapidly changing environment, fishermen are having to change their target
species, preferred fishing gear, and fishing locations (Musinguzi et al., 2018, p. 572).
Unfortunately, the impacts of climate change among fishing communities will not be
evenly distributed. Returning to the example of Lake Wamala, women are usually responsible
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for catching Nile tilapia, a fish that is increasingly less abundant in the lake. They are trained to
use gillnets, the preferred means of catching tilapia, while the men typically know how to use the
hooks that are more effective with African catfish and lungfish (Musinguzi et al., 2018, p. 569).
In addition, women may find it more challenging than men to expand their role in the fishing
industry. For example, due to the cultural expectation that fishing is a man’s occupation, women
may be hesitant to target different fish or try new methods of catching (Musinguzi et al., 2018, p.
571). Due to the fact that the fish they typically catch are declining faster than other fish species,
women in fishing communities are more likely to be impacted by climate change than men.
Impact of climate change on bushmeat
A final source of food (albeit a far less common one) is the bushmeat trade, which refers
to the hunting and trapping of wild animals for their meat. Bushmeat may be gathered either to
sell, for personal consumption, for medicinal purposes, or a combination of these (Spira et al.,
2019, p. 5). The reasons for continuing this often-illegal trade are diverse; while some may
partake in this practice due to a lack of meat or income, others continue it because it is traditional
to their culture (Spira et al., 2019, p. 5). In Rwanda, Uganda, and the DRC, hunting is illegal
within national park borders; in addition, certain species such as mountain gorillas are protected
under national laws (Belfiore et al., 2015, p. 32).
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Figure 14. Cephalophus monticola, or blue duiker, a species commonly pursued for bushmeat.

The practice is not discussed in detail within this paper because it not a primary source of
food for most people. Additionally, studies suggest alternatives to bushmeat are becoming more
affordable with time, reducing its prevalence in the Albertine Rift (van Vliet et al., 2017, p. 5).
However, climate change has the potential to reverse this trend. In the event of climatic
consequences such as crop or livestock death or infrastructure damage from extreme weather,
people may be more likely to partake in less conventional sources of nutrition (Belfiore et al.,
2015, p. 44). At the same time, the loss of biodiversity due to overhunting would be an indirect
consequence of climate change, though other factors that contribute to this (such as global or
local demand for certain species) must be considered as well.

DISCUSSION
Summary of findings
It is now time to reflect on the paper’s central question: What changes in food security
will take place as a result of climate change? This will be done by returning to the various
aspects of food security from the Results section.
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The data on crop yield has revealed that some crops are more at risk from climate change
than others. There are clear trends between several sources, such as that potato, maize and bean
crops are generally less suited for climate adaptation, whereas sweet potato, cassava and
sorghum are generally more suited. Additionally, the data has revealed that suitable land for
growing crops is at an increasingly higher demand due to erosion of soil, and higher average
temperatures in low-lying areas are expected to drive farmers into higher altitudes (Austin et al.,
2020, p. 9). Another trend between sources is the increasing prevalence of pests such as the
potato tuber moth or the desert locust, as climate change is likely to expand the suitability range
of many species. Despite these concerns, it is still possible for farmers to adapt to climate
change, if they are given the resources and flexibility to do so.
Farmers involved in livestock production will face several threats under climate change,
including decreased availability of feed and water, increased stressors such as heat, and increased
spread of diseases. It is expected that environmental stressors will negatively affect various
aspects of the life cycle of livestock such as reproductive performance (Dawson et al., 2014, p.
6). Data also indicates that the disease East Coast fever will become more common in the eastern
DRC as average temperature decreases and precipitation increases, while Rwanda will be
increasingly vulnerable to Rift Valley fever (Grace et al., 2015, p. 13). Many of these changes
are already being observed in some regions. Due to the combination of threats, along with the
high input requirements for raising livestock, it is likely that this industry will be hit particularly
hard by climate change.
Other industries are being impacted as well. The fishing industry in Uganda has seen a
shift in catch, with Nile tilapia becoming less common over time due to overharvesting and a
decrease in water levels (Musinguzi et al., 2018, p. 567). Other species such as lungfish are

36

having trouble maturing as bodies of water in which they reside continue to shrink (Egeru, 2012,
p. 222). Fishing communities that fail to adopt new techniques, regulate their harvesting, and
find other sources of protein will be vulnerable to climate change.
Finally, the shifts taking place are expected to put pressure on conventional sources of
food such as crops and livestock. This may compel some communities to pursue less common
food sources, some of which are potentially illegal, such as the bushmeat trade. However, a
significant collapse of agriculture would be required for a trend such as this to be widespread in
the Albertine Rift.
As a final note on the findings, natural disasters such as drought and landslides are cited
throughout this paper. However, it is important to remember that these should not be viewed as
standalone evidence of climate change in the Albertine Rift. Rather, it is the frequency of these
events that is cause for concern among researchers. Additionally, there is never a single
explanation for such events, though climate change is seen as a major contributor towards their
occurrence. An example of this is the 2010 mudslides in the Mt. Karisimbi area, which could be
used to understand the consequences of climate change but was also likely facilitated by land use
change and other factors (Belfiore et al., 2015, p. 36).
Remaining knowledge gaps
One of the major knowledge gaps is an absence of available information on the link
between climate change and crop diseases. Despite the prevalence of diseases such as BXW,
CMD and CBSD in the Albertine Rift, few studies have determined the impact climate change
will have on their range. Most of the available information explains that crop diseases will be
more devastating when communities face this threat in tandem with climate change, rather than
making a clear causal link to their spread or decline.
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Another major knowledge gap is the absence of regular measurements from the region’s
fishing industry. The dataset on total annual fish catch from Lake Wamala is contains gaps
lasting many years, sometimes more than a decade (Musinguzi et al., 2018, p. 567). The
available estimates, compiled through several sources, were from years 1960, 1967, 1982, 2000,
and 2013. Not only does this indicate gaps in the data, but there is also no regular pattern as to
when measurements were taken over time. This makes it difficult to interpolate what has taken
place between these years. Limited funding, a loss of available researchers, regional conflict, and
other social or economic factors could be behind occurrences such as this.
Policy implications
Although a few national-level policies were uncovered through the research process, it
was not the intention of this paper to provide an analysis of current policies related to climate
change from the Albertine Rift. Instead, the findings will be presented briefly, and in a later part
of the Discussion section, additional policy recommendations will be given.
One of the most important revelations from this research is the impact of Rwanda’s CIP
on climate resilience. CIP encourages the production of maize, wheat, potato and beans, while
discouraging or prohibiting the production of sweet potato, cassava and sorghum. Modeling
indicates that under both RCP4.5 and RCP8.5, maize, potato and bush bean are expected to see a
reduction in yield far greater than that of sweet potato, cassava and sorghum; other studies have
noticed similar trends in the future productivity of these plants. Despite these findings, CIP
allows for little flexibility no matter how severe the growing conditions become. CIP is
implemented with the intentions of improving the climate resilience and economic productivity
of Rwanda. However, although it may offer multiple economic and ecological benefits for the
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country, Rwanda’s CIP undermines smallholder farmers’ preparedness for climatic shocks and
could make it more challenging for farmers to adapt to change.
Another national-level issue is that the governments of the Albertine Rift may lack a
thorough understanding of pastoral and agro-pastoral systems. Policymakers frequently
misconceive these systems: oftentimes, the livelihoods of the people of these communities are
viewed as unsustainable in the face of climate change (Egeru, 2012, p. 223; Ochieng & Waiswa,
2019, p. 241). In reality, though, the indigenous knowledge held by these communities could be
useful in global efforts towards climate change resilience, and at the same time, agro-pastoralists
could benefit from increased communication with national governments. Conversely, the loss of
indigenous knowledge (such as through poor knowledge transfer systems or the extinction of
plants and animals needed for weather forecasting) could harm these communities’ abilities to
adapt to climate change, which is why increased communication would be beneficial for both
stakeholder groups (Radeny et al., 2019, p. 524).
Local adaptation strategies
The use of agroforestry in East Africa is one way in which agro-pastoralists are adapting.
Exotic legumes such as calliandra (Calliandra calothyrsus) are currently being used as fodder for
livestock in some regions, including the highlands of Rwanda and Uganda. Fodder trees are
shown to be more resistant to drought than annual crops, which means they are a source of
nutrients such as protein for livestock in the face of climatic shock (Dawson et al., 2014, p. 4).
Their use can also increase milk production in cows and goats (Dawson et al., 2014, p. 2).
However, there are several disadvantages to using calliandra. For one, this plant is nonnative,
having been introduced from Latin America as a source of fuel (Dawson et al., 2014, p. 3). Its
continued spread via seeds could lead to unintended ecological consequences. Additionally, the
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exclusive use of calliandra as fodder puts agro-pastoralists at risk, as the plant’s collapse due to
climate change would significantly reduce the availability of food available for herds.

Figure 15. Calliandra trees grown as fodder in Uganda.

Finally, as a whole, the sources of this paper indicate that national-level policy (such as
any sort of policy that restricts the movement of agro-pastoralists) is most effective when it takes
into account local-level practices and knowledge. Measures that fail to do this significantly
increase the risk posed to smallholder farmers in the event of climatic shocks such as drought
and heavy rain. This is not to say that national-level policy should be dismissed entirely; instead,
as the paper will now discuss, it is important that policymakers incorporate local knowledge into
decision-making wherever possible, and also ensure that overarching decisions do not hinder the
flexibility of farmers.
Policy recommendations for the future
A potential solution at the national level is that governments do not restrict crops or
farming strategies in the pursuit of higher yield. As shown by the yield data from Rwanda, the
crops that are seen as the most economically viable for export (namely maize, potatoes, and
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beans) are also highly vulnerable to climate change. Conversely, those that are not desired by the
Rwandan government (namely sweet potato, cassava, and sorghum) can help significantly with
resilience to climate change (Clay & Zimmerer, 2020, p. 8). In order to strengthen and maintain
food security, countries must allow for a variety of crops to be planted, so that climatic shocks do
not eliminate an entire season’s worth of yield.

Figure 16. Pastoralists in the Kaabong district of Uganda.

A related solution is that governments should trust local and indigenous knowledge
holders to make decisions when communities are faced with various challenges. Much of the
knowledge gathered over generations has allowed people to predict environmental phenomena
and successfully adapt to changes in their ecosystem. Policymakers can take actions such as
listening to these communities, protecting important local indicators (such as species of frogs or
birds who behave in a certain way depending on the weather), and ensuring they have access to
national-level resources and current climate information (Egeru, 2012, p. 223; Radeny et al.,
2019, p. 526). Doing these things will preserve the knowledge and traditional livelihoods, and it
will allow communities to be more resilient to climate change (Radeny et al., 2019, p. 526).
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Local-level solutions
On the local level, there are a number of practices that can be introduced or increased for
increased food security in the face of climate change. For agriculture that is centered around
crops, strategies such as intercropping and crop rotation will help promote climate resilience and
improve the overall health of soil. An example of this can already be found in Hoima, Uganda,
where farmers are intercropping mango and pawpaw trees with nitrogen-fixing legumes such as
beans, which hold the soil together and add nitrogen to the soil without the use of fertilizers
(Recha et al., 2016, p. 3). This will help as climate change and human activities contribute to soil
degradation. The diversity of crops will also make farms more resilient against consequences of
climate change such as drought, heavy rainfall, and pests and diseases, as these consequences are
more likely to cause harm to a monoculture system.
When it comes to livestock, seeking a more diverse agroforestry approach (for example,
by using alternative plants as fodder and relying on a wider variety of plants) will reduce the risk
of a total loss of feed (Dawson et al., 2014, p. 4). Working with the government and NGOs to
learn about livestock diseases and obtain access to vaccinations would also be highly beneficial
for pastoral communities. Finally, anyone involved in livestock production would benefit from
increased collaboration with other stakeholder groups from both their own area and neighboring
areas, so that water and feed resources can be accessed by a larger number of people.
For fishing communities, there are a number of benefits that would come from
encouraging women to expand their role in the fishing industry. By teaching more women to use
a wider variety of fishing techniques and encouraging them to target different species of fish, the
disproportionate consequences of climate change towards the women of these communities will
be reduced. Another part of this process involves working to change the cultural view of fishing
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as a man’s occupation, which would encourage more women to enter the industry (Musinguzi et
al., 2018, p. 571).
As a final note on policy, it should be added that it is possible for farmers in this region to
reduce their contributions to global greenhouse gas emissions. This can be done in a number of
ways. For example, raising chicken and pigs in place of cattle will reduce emissions
considerably, as cattle contribute to greenhouse gases more than other types of livestock (Shapiro
et al., 2017, p. 21). Agroforestry is another effective strategy, as trees sequester carbon from the
atmosphere in their roots and stems (Dawson et al., 2014, p. 5). These techniques, which may be
used to build resilience to climate change, also have the added benefit of reducing contributions
to climate change and ensuring the food production process is more sustainable.

CONCLUSION
Climate change poses major risks to food security in the Albertine Rift. Although
additional research is still needed before conclusions can be drawn for certain aspects of food
security, the general trend is that farmers and communities will be faced with increasing food
insecurity if climate change continues as projected. Crops such as potatoes, maize and beans,
cattle belonging to indigenous agro-pastoralists, and populations of fish such as Nile tilapia will
be among the resources that are most heavily affected by the projected changes.
The solutions proposed in this paper are not universally suitable for every situation,
though they are based on current trends in policy and are intended to guide governments and
communities towards increased climate resilience. Ultimately, what is most important is that
national and local governments work with their communities to decide how best to adapt to
climate change and increase the availability, access, utilization, and stability of food for the
population as a whole.
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